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Abstract 
The dielectric properties of a series of long- 

chain alkyl esters were investigated over a wide 
temperature  range (+25C to --35C) and fre- 
quency range (0.05kc to 100kc). The series in- 
cluded esters of all combinations of tetradecanol, 
hexadecanol, and octadecanol alcohols with tetra- 
decanoic, hexadecanoic, and octadecanoic acids. 
The thermodynamic parameters were calculated 
and related to chain length, position of ester group 
in the chain, and crystal structure. 

Introduction 

p HYSICAL PROPERTIES OF ANIh[AL FATS depend to a 
large extent  on the mechanical properties of the 

individual molecules which make up animal fats. 
Little is known about the fundamental  mechanical 
properties of these long-chain molecules. Yet it  is 
these same molecules which are altered chemically to 
improve their mechanical properties, for  example, 
shortenings, plasticizers, and lubricants. With the 
present limited knowledge of their physical prop- 
erties, it is impossible to predict  beforehand the re- 
sults of a par t icular  modification. Successful modifica- 
tions have been made on a method of trial and error. 
This is a result of the lack of understanding of the 
contribution of properties on the molecular level to 
the over-all macroscopic behavior. 

Fats  contain long, freely moving molecules; their  
physical behavior depends on the properties of these 
long molecules. These physical properties are affected 
by chain length, the position of various active groups 
along the chain, and interaction with neighboring 
molecules. Such physical properties cannot be deter- 
mined by spectroscopic or chemical methods. They 
must be determined by some physical method involving 
larger aspects of the molecule. Dielectric properties 
constitute one class of physical measurements which 
are determined by the behavior of the entire molecule. 
There are a number of publications and books on the 
theory of dielectric phenomena which are recommend- 
ed to the reader for background information (5,8). 

1 Presented at the AOCS Meeting, Houston, April 1965. 
UE. Utiliz. Res. Dev. Div., ARS, USDA. 

TABLE I 

Compound ~ P  (Obs.) I~IP (Lit.) 

Tetradecyl 
te tradecanoate  3 9 . 1 - 3  9 .8  

Hexadecyl 
hexadecanoate 46.4-46.5 

Octadecyl 
octadecanoate 50.5 

Tetradecyl 
hexadecanoate 49.5-49.8 

I~Iexadecyl 
hexadeca,noate 51.0 

Octadecyl 
hexadecanoate 58.3-58.8 

Tetradecyl 
octadecanoate 50.1 

Hexadecyl 
octadecanoate 57.0-57,6 

Octadecyl 
octadecanoate 62 
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FIG. 1. Tempera tu re  dependence of die lect r ic  absorp t ion  for  
t e t r adecy l  t e t radecanoa te .  

Experimental Procedure 
Table I shows the experimental and l i terature values 

of the melting points of the compounds used in this 
study. The major i ty  of the samples were purchased 
from Laehat Chemicals Inc. Two samples (octadeeyl 
tetradecanoate and oetadecyl octadecanoate) were 
synthesized at this laboratory. The commercial sam- 
ples contained unreaeted acids which were removed 
by washing with a 10% solution of KHCOa. All the 
samples were then crystallized three times from a hot 
acetone solution, then their melting points were taken. 

The disks used for dielectric measurement were 
prepared by compressing the samples in a 2-in. cir- 
cular mold at about 6,000 lbS/sq, in. Aluminum foil 
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FI~. 2. Tempe ra tu r e  dependence of  dieleetl ' i¢ absorp t ion  fo r  
hexadecyl  t e t radecanoa te .  
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FIG. 3. T e m p e r a t u r e  dependence  of  dielectr ic  a b s o r p t i o n  f*or 
octadecyl  t e t r adecanoa te .  

was placed between the platens of the mold and the 
sample to insure good contact for  the electrodes of 
the dielectric sample holder and to prevent  the sam- 
ple f rom adhering to the platen. 

A General Radio capacitance bridge, type 716C, 
energized by a General Radio oscillator, type 1310A, 
was used to measure capacitance and dissipation of 
the sample. A substitution method was used, and the 
signal null was detected by a General Radio tuned 
amplifier and null detector, type 1232A. The sample 
holder was a modified General Radio dielectric sam- 
ple holder, type 1690A. The modification consisted 
of replacing the present  housing with a cored 
a luminum housing. This cored housing permit ted a 
coolant to be pumped  around the electrodes for tem- 
pera ture  control. The tempera ture  in the sample 
holder was measured with a eooper-constantan thermo- 
couple connected to a direct-reading Leeds and 
Nor th rup  potentiometer,  Catalog No. 8692. Dry  
nitrogen was bled into the sample holder to prevent  
the accumulat ion of moisture. 

Results  and Discuss ion 

Figures  1-7 show the dielectric loss, ~', as a func- 
tion of the logari thm of frequency at various tem- 

0,15 

0.10 

I I I 

%.% 
e%. "% 

% .̀ 
%̀ 

4.2 

4.0 

3.8 o 
o 

36 

3.4 

0.05 

0 I I I I 
2.0 3:0 4.0 5.0 

LOG FREQUENCY, C. RS. 

~Ie .  4. T e m p e r a t u r e  dependence  of  dielectr ic  a b s o r p ~ o n  f o r  
t e t r adecy l  hexadecanoa te .  

0.15 

0.10 

i i 

~ '~o%`  
*% 

%`e 

4.0 

,5.8 

3 6 g  
o 

3 , 4  

5.2 

2 

005  

0 I 31.0 I. 1 
2.0 4 0 5.0 

LOG FREQUENCY, C.P.S 

~ICr. 5. Temperature dependence of dielectric absorption for 
hexadecyl hexadecanoate. 

peratures.  I t  should be noted that  the peaks of the 
dieleetric loss curves decrease with decreasing tem- 
perature.  This is caused by  a wider distribution of 
relaxation times. Also shown in the figures are the 
plots of the reciprocal of absolute tempera ture  v e r s u s  

logari thm of the frequency at  which e" is at a maxi- 
mum. These curves are plotted as shown to save 
space. Normal ly  logari thm of the frequency is plotted 
v e r s u s  reciprocal of the absolute temperature.  
Kauzmann  (5) has shown that  the dielectric disper- 
sion can be t reated as a rate process, employing the 
rate equation : 

r = (h/kT) exp I (AH~*/RT - -  (±S~*/R) ] ) 
where r is the relaxation time and equal to the recip- 
rocal of the angular frequency (27rf) at which e" is 
a maximum, h is the Planek constant, k is the Boltz- 
mann constant, and AH~* and AS~* are enthalpy and 
entropy of activation for dipole relaxation respec- 
tively. Table II shows the enthalpies and entropies 
of activation for the various compounds. Two com- 
pounds, oetadeeyl hexadecanoate and tetradeeyl 
octadeeanoate, give no dispersion in the frequency 
and temperature range used. Smyth (1) has shown 
that tetradecyl oetadeeanoate does not rotate in the 
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FIG. 6. T e m p e r a t u r e  dependence  of  dielectr ic  a b s o r p t i o n  f o r  
hexadecyl  oc tadecanoa te .  
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solid state which is in agreement  with the data. The 
interesting thing about these two compounds is that  
they are of the same crystal  form as hexadecyl tetra- 
decanoate, that  is, the molecules are almost parallel  
to the long axis as ascertained by x-ray  diffraction 
data (6). The other compounds listed in Table I I  
have their  molecules til ted in the crystal. 

I t  can be noted, by  inspecting Table I I ,  that  three 
things affect the dielectric propert ies  of these com- 
pounds: chain length, the location of the polar  group 
in the molecule, and the crystal  form of the compound. 

Tetradeeyl  tetradecanoate,  hexadecyl hexadecanoate, 
and oetadeeyl octadeeanoate show the effect of chain 
length. Since the relative location of the ester group 
in these three compounds is the same in each molecule, 
any  variat ion in the enthalpy and relaxation time 
should be a function of the chain length alone; all 
other effects are assumed equal. One can see f rom 
these three compounds in Table I I  that  an increase 

TABLE IS 

0ompound 'ZY[ ~'  ~S+1~ • ~ r o  X 1 0  s ~  No. of 
e e carbons 

Tetradecyl 
tetradecanoate 17,912 31 0.71 28 

Hexadecyl 
tetradecanoate 18,868 31 7.11 30 

Octadecyl 
tetradecanoate 17,038 31 0.4 32 

Tetradecyl 
hexadecanoate 58,760 32 7.96 30 

Hexadecyl 
hexadecanoate 19,649 32 4.49 32 

Octadecyl 
hexadecanoate . . . . . . . . . . . . . . . . . . . .  34 

Tetradecyl 
oetadecanoate . . . . . . . . . . . . . . . . . . . .  32 

Hexadecyl 
octadecanoate 18,994 32 8.2 34 

Octadecyl 
octadecanoate 20,783 32 8.92 36 

a Confidence limits -4- 200 cal. 
b Confidence limits --+ 1 cal. 
c Confidence limits -4- 0.5 X 10 -8 sec. 

in chain length can cause an increase in the cnthalpy 
and the relaxation time. This is to be expected if  
the entire molecule is responding and not the polar  
group alone. 

The second effect is shown by noting compounds 
of the same chain length and crystal  forms but  with 
the location of the polar  group in different relative 
positions, such as oetadecyl te tradecanoate and  tetra-  
decyl octadecanoate, also octadeeyl hexadecanote and 
hexadecyl octadecanoate. I t  is noted tha t  reversing 
the position of polar  groups causes dispersion in one 
ease but, in the other, dispersion does not exist. I t  is 
meant  by this tha t  octadecyl tetradecanoate has a 
dispersion region whereas te t radeeyl  oetadeeanoate 
does not;  conversely octadecyl hexadecanoate has no 
dispersion region but  hexadecyl octadeeanoate does. 
Daniels and Stark  (3) explain symmetr ical  ketones 
and Smyth  (2) explains esters in the following way:  
if  the polar  groups in the molecule are located in the 
same plane in the crystal, then there is no dipole 
rotation. 

I f  the interaction in hexadeeyl tetradecanoate and 
tetradecyl  hexadecanoate are assumed to be the same, 
the effect of crystal  form can be noted. I t  can be 
surmised, qualitatively, that  it takes less energy in 
the perpendicular  form to reach the active state than  
in the tilted state, also that  it takes less t ime to re tu rn  
to the ground state in the perpendicular  form than 
in the tilted form. A mechanism used to explain this 
phenomenon is the following: if  the molecules in the 
crystal  with a perpendicular  form are free to rotate 
in the ground state and in the active state, then it  
would require less energy to reach the active state 
and less t ime to re turn  to the ground state. 

In  conclusion, generally there is an increase in the 
enthalpy and the relaxation time with the increase 
in chain length when the ester group is in the center 
of the molecule. However  what is not known for  
certain is why some esters rotate while others do not. 
There appear  to be some s t ruc tura l  factors, as yet 
unknown, which influence the dielectric propert ies  of 
these compounds. Perhaps  a more  complete investiga- 
tion of all the crystal  forms, both by x-ray and 
mechanical properties,  may give a more complete 
picture. Also odd-chain alcohol esters, for C15 and 
C17, alcohols of the acids invest igated should be 
studied. The odd-chain alcohol esters are present ly  
being considered as the next step in the investigation. 
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